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Non-technical summary
Research and development (R&D) investments are considered to be one of the most important drivers of firm productivity and consequently of economic growth and welfare. It is by no means clear however, whether R&D investments are profitable since the costs are high, the outcome is uncertain, the risk of failure is considerable and profits accruing from these investments typically have a significant time lag compared to other types of investment.
It is well known that the profitability of R&D strongly depends on the market environment of the firm, e. g. market concentration and entry barriers. An important factor for the profitability of R&D -which has been neglected in existing studies -is bargaining power that an R&D performing firm possesses in negotiations with its buyers. As R&D translates into new products or lower costs of production not only on the supply side but also on the buyer side, bargaining over the distribution of the accruing profits along the supply chain may occur. On one hand, if the buyer has the stronger bargaining position, i. e. he has buyer power, it is possible that large parts of the gains from a supplier's R&D activity will be appropriated by the buyer. On the other hand, if the supplier has the stronger bargaining position it is likely that he can extract significant shares of the buyer's profit. To the best of my knowledge, there is no study dedicated to the analysis of R&D profitability however, taking account of these opportunities. Hence, the main contribution of this paper is the integration of bargaining in vertical relationships into the analysis of a suppliers' R&D profitability. This paper deals with two major research questions. First, which factors determine the bargaining power of a supplier in a vertical relationship and how do these factors affect a supplier's profitability? Building on theoretical and empirical evidence about the effects of bargaining in vertical relationships, the crucial determinants of a supplier's bargaining power are identified as the market position and the degree of concentration in the buyer portfolio. With respect to R&D profitability the latter is expected to diminish returns from R&D, while the former is expected to increase it. Second, how do the identified determinants affect the profitability of supplier's R&D investments? This question is explored empirically using a dataset of 472 German manufacturing firms which contains information on the relationship to their buyers and find considerable effects of suppliers' bargaining power on their R&D profitability. An increase of R&D intensity in 2010 by a percentage point would reduce profits of an average R&D performing supplier by about 14 % in 2012 given the supplier depends completely on the largest three buyers and does hold an average market share. Contrastingly, a monopolist R&D performing supplier with average buyer concentration would experience a profit increase by 10 % in 2012.
The results provide several implications for practitioners. Managers of R&D performing supply firms in the manufacturing sector may find it beneficial to diversify the buyer structure as this increases bargaining power and allows for a higher profitability of R&D activities. In addition, the results show that it is more profitable to serve smaller markets if this leads to an increased market share. Again, this translates into a stronger bargaining position and spurs R&D profitability. The results also have relevance for competition authorities. Merger decisions should take into account how upstream R&D profitability is affected by downstream mergers to avoid adverse effects on suppliers' innovation incentives.
1.

Introduction
R&D is considered to be one of the most important drivers of firm productivity and consequently of economic growth and welfare. Thus, considerable amounts of public spending are directed towards programmes promoting R&D investment on firm level. It is by no means clear however, whether R&D investments are profitable since the costs are high, the outcome is uncertain, the risk of failure is considerable and profits accruing from these investments typically have a significant time lag compared to other types of investment.
It is well known that the profitability of R&D strongly depends on the market environment of the firm. Traditional industrial organization literature emphasizes the importance of market concentration and entry barriers for firm profitability (for an overview see Schmalensee, 1989) and this has been shown to be important for the profitability of R&D as well (Grabowski and Müller, 1978; Conolly and Hirschey, 1984; Czarnitzki and Kraft, 2010 ). Another factor that may be important -and which has been neglected in existing studies -is the relative bargaining power that an R&D performing firm possesses in negotiations about prices and quantities with its buyers. Such vertical relationships between suppliers and buyers receive growing attention from economists, especially since it has become accepted that larger buyers may benefit from buyer power. Often, the emergence of buyer power is attributed to concentration processes among buyer firms (see e. g. Chipty and Snyder, 1999, Inderst and Wey, 2007) . Such processes however are not sufficient for generating buyer power. In Germany for instance, one can observe that for a third of all firms the three largest customers account for 50-100% of their sales (Aschhoff et al., 2007) . Such a concentrated customer structure may lead to buyer power as well, notably if the supplier is small and the buyer large. The execution of buyer power is seen as predominantly negative, since it lowers the profit of the suppliers, thereby lowering their investment incentives (OECD, 1998; European Commission, 1999) .
As R&D translates into new products or lower costs of production not only on the supply side but also on the buyer side, bargaining over the distribution of the accruing profits along the supply chain between supplier and buyer may occur and affect the profitability of suppliers' R&D investments considerably. On one hand, if the buyer has the stronger bargaining position, i. e. he has buyer power, it is possible that large parts of the gains from a supplier's R&D activity will be appropriated by the buyer. On the other hand, if the supplier has the stronger bargaining position it is possible that he can extract significant shares of the buyer's profit. To the best of my knowledge, there is no study dedicated to the analysis of R&D profitability however, taking account of these opportunities. Hence, the main contribution of this paper is the integration of bargaining power in vertical relationships into the analysis of a suppliers' R&D profitability. This paper deals with two major research questions. First, which factors determine the bargaining power of a supplier in a vertical relationship and how do these factors affect a supplier's profitability? Building on theoretical and empirical evidence about the effects of bargaining in vertical relationships, the crucial determinants of a supplier's bargaining power are identified as the market position and the degree of concentration in the buyer portfolio. With respect to R&D profitability the latter is expected to diminish returns from R&D, while the former is expected to increase it. Second, how do the identified determinants affect the profitability of supplier's R&D investments? This question is explored empirically using a dataset of 472 German manufacturing firms which contains information on the relationship to their buyers and find considerable effects of suppliers' bargaining power on their R&D profitability. An increase of R&D intensity in 2010 by a percentage point would reduce profits of an average R&D performing supplier by about 14 % in 2012 given the supplier depends completely on the largest three buyers and does hold an average market share. Contrastingly, a monopolist R&D performing supplier with average buyer concentration would experience a profit increase by 10 % in 2012.
The next section presents existing empirical literature on the profitability of R&D while the third section reviews theoretical and empirical findings on the impact of bargaining in vertical relationships and derives empirically testable hypotheses. The empirical approach is described in section 4, while results are presented in section 5. Concluding remarks are given in section 6.
Literature overview
Empirical studies dedicated to the analysis of the relationship between R&D or innovation activities and firm profitability provide mixed results on the relationship between R&D, innovation and firm profitability. Most of these studies include to some extent measures capturing the horizontal market structure which is in line with traditional industrial organization literature that emphasizes the importance of market concentration and entry barriers for firm profitability (for an overview see Schmalensee, 1989 ). Vertical relations and the possible consequences on suppliers' bargaining power are not considered however.
Among the studies using US data, Mansfield et al. (1977) assess the private and social returns of seventeen industrial innovations. They find pre-tax private returns ranging from negative values to 214% with a median of 25%. In 30% of the cases though, the private returns were so low that no firm in hindsight would have invested in that project. Nevertheless the social returns exceeded the private ones considerably, ranging from negative values to 307% with a median of 56%. Grabowski and Müller (1978) find a positive impact of R&D on adjusted profit rates of US firms. They also consider market concentration in order to test the hypothesis that R&D in combination with high concentration may act as a catalyst of competition. They suggest that while there is a tendency of cartelistic behaviour in concentrated industries, R&D delivers an incentive to deviate from collusive agreements because it is difficult to coordinate between the cartelists. Hence, R&D can induce rivalry in otherwise cartelistic markets. This is supported by the empirical results. More evidence for this hypothesis is provided by Conolly and Hirschey (1984) who estimate a simultaneous equation model with R&D intensity, advertising intensity, firm profitability and the concentration ratio as endogenous variables. With respect to the impact of R&D on firm profitability they find a positive effect of R&D. Jaffe (1986) estimates a three-equation model using a dataset of 432 US firms with patents, profit measured as the operating income before depreciation and market value as dependent variables. The results show that the average gross rate of return of R&D is 27%. The concentration rate measured as the four firm concentration ratio is negatively affecting firm profits.
Evidence for Europe is provided by several papers employing data from the Community Innovation Survey (CIS). Recent papers of Kraft (2010, 2012 ) use a sample of German manufacturing firms and explore the effect of patent stocks, R&D intensity and spillovers on firm profitability. Czarnitzki and Kraft (2010) find a positive effect of patent stock but no effect of R&D intensity. With regards to the competition variables they find that concentration is positively affecting firm profitability while market share is insignificant. In addition they estimate a negative coefficient for the interaction between R&D and concentration thereby supporting the hypothesis of Grabowski and Müller (1974) . In contrast, Czarnitzki and Kraft (2012) test for a non-linear relationship between firm profitability and R&D. They find evidence for an upward sloping curve with decreasing marginal returns. What is more, an effect of concentration on firm profitability cannot be detected. Mata and Woerter (2013) explore the impact of external and internal R&D on price-cost margins for Swiss firms. They do not consider any market structure at all and find firms with both external and internal R&D activities to be more profitable than firms with merely internal R&D. Rexhäuser and Rammer (2014) also use a dataset of German firms but find no effect for the magnitude of the patent stock and the introduction of market novelties or cost saving innovations on firm profitability. In line with Czarnitzki and Kraft (2012) they do not find an effect of horizontal concentration. Their results show however a strong negative effect on profitability for a competition dummy variable which is a composite competition index taking unit value if the firm indicates that at least one of the following characterizations apply to their main product market: entry of new competitors, products and services are quickly outdated, the firm's products can be easily substituted by competitors' products, strong competition from abroad and uncertainty in demand or competitors actions. Geroski et al. (1993) use a panel of 721 British firms observed during the period 1972 to 1983. They do not consider R&D but innovative outputs and assess the impact of the latter on firm profitability. They find a positive effect of an additional innovation on firm profitability. Moreover, the results provide evidence that differences in profitability between innovators and non-innovators are persistent with innovators exhibiting a higher profitability. In addition, Geroski et al. (1993) are the first to hint at the importance of vertical relationships when assessing the profitability of a firm in combination with its innovative efforts. They note that innovations in their dataset "have had a far greater impact on users' productivity growth than on producers' productivity (e.g., Geroski, 1991) , and there is no reason not to think that this might also be true with profitability" (p. 208).
This statement reflects exactly why the distribution of bargaining power in vertical relationships may be an important factor in determining a supplier's profitability. Given that a supplier's innovative product or process does have a greater impact on downstream profitability, he may extract a share of the downstream profit through bargaining. How much of the downstream profit can be extracted depends on the strength of the supplier's bargaining position relative to the bargaining position of the buyer. Conversely, if the buyer does have a stronger bargaining position compared to the supplier, the former can reduce the profits of the latter by extracting a large part of the upstream profit.
To the best of my knowledge, there is no existing study however, taking account of these opportunities. Hence, the main contribution of this paper is taking account of bargaining power in vertical relationships when analysing the profitability of suppliers' R&D.
Theoretical framework
In this section I study how the profitability of suppliers' R&D investments is affected by bargaining power. To this end, theoretical and empirical findings are reviewed. Subsequently hypotheses are derived that can be tested empirically.
First, I will consider how a supplier's profitability is affected by bargaining power. Major determinants of bargaining power in vertical relations are firm size and market concentration. Theoretical literature on vertical interactions frequently predicts a negative effect of buyer concentration on supplier profitability due to buyer power (e. g. Dobson and Waterson, 1997; Wey, 2007, Smith and Thanassoulis, 2012) . Usually this finding is derived from Nash bargaining models applying different assumptions on efficiency of the outcome, upstream and downstream market structure, uncertainty over output quantities as well as a supplier's cost function. In most of these models it is assumed that there is one supplier negotiating simultaneously with numerous buyers over the split of a joint profit v. The joint profit v is the sum of the upstream and the downstream profits generated by the contract between supplier and buyer, which I will refer to as "incremental profits" in the following. In a given negotiation the outcome of all other negotiations is taken as given, hence the negotiations with a certain buyer are over the last units of the intermediary product.
Assuming inefficient Nash bargaining, i. e. bargaining over linear unit prices, buyers can reduce upstream profits if downstream concentration increases (Dobson and Waterson, 1997) . This is due to the fact, that the outside option of the supplier, i. e. the prices and quantities he can sell to all other downstream firms in case the negotiations with a certain buyer fail, is devaluated since there are less alternative buyers available. If in addition downstream firms are very competitive (i.e. their products are perceived to be close substitutes) and behave in a Bertrand manner, supplier's profits are driven down even further as the incremental downstream profit is close to zero and consequently the joint profit v decreases.
In the case of efficient Nash bargaining, i. e. contractors maximize the joint profit and can settle on non-linear prices, similar results occur. Given the supplier can be certain over the final upstream quantity demanded, input prices are a function of average costs of supplying the buyer. Consequently a large order in combination with increasing marginal costs of the supplier implies lower input prices (Chipty and Snyder, 1999; Inderst and Wey, 2007) . To derive this result it is necessary that downstream firms are considered as monopolists on symmetric but separate markets with marginal costs of transforming the intermediate product of zero. In this case the optimal quantity provided by the downstream firm is independent of the market size and hence the downstream price is constant over all downstream markets. It follows then that only the incremental upstream profit is relevant for the emergence of buyer power and ultimately lower supplier profitability. Relaxing the assumption that downstream prices have to be constant across markets, Björnerstedt and Stennek (2007) derive buyer dis-counts also for the case of multiple upstream and multiple downstream firms. They argue that the relation of a buyer's marginal revenue and a supplier's marginal cost determines whether there is a quantity discount or a quantity premium for buyers. If marginal cost of the supplier is steeper than marginal revenue of the buyer, an increase in quantity for the buyer reduces incremental cost of supply more than it increases downstream revenues, ultimately leading to a quantity discount for the buyer.
In the presence of uncertainty over upstream final output, a supplier's profitability decreases if there are large buyers, i. e. buyers who account for large share of the supplier's sales, and decreasing marginal costs of supply (Smith and Thanassoulis, 2012) . This is due to the fact that a supplier now attaches a probability of losing a contract to volumes negotiated with a buyer. The average costs of supplying the buyer are now not calculated over the final units but over all possible output realizations. Hence larger buyers imply larger expected output, lower expected marginal cost and thus lower input prices.
In line with the presented results from theoretical literature one can argue that increased buyer concentration is likely to have a negative effect on supplier's profitability. Accordingly, the first hypothesis reads:
Hypothesis 1: The profit of the supplier is decreasing the more concentrated the buyer portfolio.
Next I will show how a supplier's bargaining position is affected by his market position and which effect this will have in turn on his profits. A supplier's market position is defined on one hand by the market structure in the horizontal market and on the other hand by the substitutability of the supplied product. A monopoly in the supply market does not allow for an outside option of the buyer which in turn should result in a more powerful bargaining position of the supplier in comparison to a supplier with a high number of competitors. Such a beneficial market position is for instance obtainable by product differentiation thereby making the own product less substitutable.
Empirical studies dedicated to the analysis of manufacturer-retailer relationships in the food sector hint in the direction, that lower substitutability increases supplier margins. This is shown for yoghurt and peanut butter in the US (Sudhir, 2001) , antibiotics in the US (Ellison and Snyder, 2010) and coffee in Chile (Noton and Elberg, 2013) . If downstream product markets are very competitive because the products are easy to substitute, there is evidence for the existence of buyer power. For instance, for a yoghurt market in a particular region of the US with a considerable market share of private labels, there is support for the existence of twopart tariffs with zero wholesale margins (Villas-Boas, 2007) . 1 A two-part tariff is characterized by the feature, that the manufacturer sets the wholesale price equal to marginal cost, so the retailer can claim all the profit for the product. The manufacturer is able to extract part of this wholesale profit in the form of a fixed fee the retailer has to pay. If wholesale profits are zero however, this implies that all the profit remains with the retailer. Hence suppliers' profitability is reduced.
Another way to achieve a monopoly position is patent protection. For antibiotics without patent protection, i.e. if competition with generic products is prevailed, large buyers (chain drugstores) receive discounts when compared to smaller buyers (Ellison and Snyder, 2010) . Again, this implies a lower profitability on the supply side if substitutability is high. Against the background of these empirical results, it is obvious that suppliers' profitability positively depends on the strength of their market position. Consequently, the second hypothesis is stated as follows:
Hypothesis 2: The profit of the supplier is increasing in the strength of the market position.
The theoretical results this section builds on, typically consider negotiations over price and quantity of a good to be traded between supplier and buyer with rational agents. Williamson (1975) however, does acknowledge that agents may be boundedly rational, i. e. they have incomplete information about market opportunities and future occurences for instance (Alchian and Woodward, 1988) and are prone to failure. What is more, agents can behave opportunistic in a way, that they disclose information selectively and / or distortedly or simply give false promises regarding future conduct (Williamson, 1975) . Such behaviour gives rise to transaction costs which may have an adverse impact on vertical relationships. 2 In the context of R&D, transaction costs may be substantial if R&D is sourced out or performed within an alliance (Aghion and Tirole, 1994) . Under such circumstances, suppliers of R&D services can have several motives to behave opportunistically: "increasing the profits by reducing the efforts, preparation of own competitive activities and selling non-specific parts of the generated knowledge to a competitor (Kloyer and Scholderer, 2012; p. 347 )". The buyer may also be tempted to behave opportunistically. That is, after the R&D supplier carried out necessary investments to fulfil contracted obligations, the buyer may enforce ex-post negotiations leading to conditions which reduce the supplier's profit margins or even lead to losses. Such behaviour is known as hold-up (Klein et al., 1978) .
This paper considers internal R&D investments of suppliers, i. e. investments that aim at the development or the significant improvement of production technologies or products to own benefit. Hence, problems of information asymmetries between supplier and buyer and subsequent opportunities for moral hazard or hidden actions may not be as severe as in contractual R&D relationships. If there are opportunities for one party to behave opportunistically however, it should be the party in possession of the stronger bargaining position. This implies that even in the presence of opportunistic behaviour, suppliers' profitability should be positively (negatively) affected by a stronger (weaker) bargaining position.
Regardless of bargaining power, it has been shown frequently in empirical work that R&D activities are a main driver of firm productivity (e. g. Griliches, 1994; Crepon et al., 1998; Griffith et al., 2006; Peters, 2008) . This is due to the fact that R&D translates into new prod-ucts and/or new production processes, thereby offering the opportunity to charge higher prices (for new products) or to benefit from lower cost of production for a given output. Of course, among firms there may be different strategies of performing R&D. That is, some firms carry out R&D incrementally, i. e. they alter existing technology; while some others concentrate on developing new-to-the-market products and/or technologies. No matter which strategy is applied, R&D will at some point result in an innovation which gives a firm a competitive advantage.
In addition to the positive effects of R&D on suppliers' profitability, there are also positive effects to be expected on the profitability of buyers. Using industry data from the UK, Geroski (1991) shows that the biggest impact on productivity growth came from innovations used rather than innovations produced. Scherer (1982) distinguishes the allocation of R&D expenditure by industry of use and industry of origin and explores the relationship to productivity growth in the US. In line with the results of Geroski (1991) he finds the R&D expenditure allocated to industry of use to have a larger effect on productivity growth. Hence, it seems plausible to assume that supplier's R&D can enlarge the joint profit which is to be split between supplier and buyer by bargaining. On one hand, if bargaining power of a supplier carrying out R&D activities is weak it is not possible to appropriate a large share of the joint profit (Farber, 1981; Lunn and Martin, 1986; Peters, 2000) . On the other hand, if bargaining power of a supplier is high, he may be able to extract parts of the downstream profit that accrue due to an innovative product, for instance. The corresponding hypotheses for the effect of bargaining power in vertical relationships on the profitability of suppliers' R&D activities read: 
Empirical study
Data
In order to test the hypotheses empirically I employ firm level data from the Mannheim Innovation Panel (MIP) which provides information on enterprises from both manufacturing and services located in Germany and employing at least 5 employees. The data is annually collected by the Centre for European Economic Research (ZEW) on behalf of the Federal Ministry of Education and Research. The survey focuses on enterprises' innovative activities but also includes questions on their competitive environment.
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The 2011 wave of the MIP provides valuable information on supplier-buyer relationships and enterprises' market environment. Since the question regarding the supplier-buyer relationship is not part of the regular questionnaire, it is not possible to construct a panel dataset. The wave 2011 also contains general information, e. g. the profit over sales, the number of employees or the sales, but also information on the innovation behaviour and R&D spending. In order to have a lag between the dependent profit variable and the explanatory variables the wave 2011 is merged with the wave 2013 since the question regarding the profit is included biannually. I restrict the sample to manufacturing firms because services comprise rather heterogeneous industries. Additionally, R&D does more frequently occur in manufacturing. There are 1,411 firms for which the merge was successful representing Nace 2-digit industries 10-17 and 20-33. 4 To avoid outlier problems I drop all three observations with an R&D intensity of larger than 2, i. e. a firm's R&D expenditures exceed the sales by 100 % leading to an initial sample of 1,408 firms. The further steps of data cleaning are described in the next section.
Variables 5
Dependent variable
The dependent variable is a supplier's profit over sales (PROFIT). This variable is available for both years 2012 and 2011 and thus provides an interesting opportunity to check if the impact of R&D investments in 2010 on supplier's profitability does have a time lag as suggested by Ravenscraft and Scherer (1982) .
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The profit over sales variable was surveyed as categorical variable. Table 1 provides an overview of the different categories. Although provided with a category "don't know", some of the participating firms did not answer the question at all. From the initial sample of 1,408 firms, 111 answered "don't know" to the profit in 2011 while 120 firms did so to the profit in 2012. Another 238 firms did not respond at all to the profit in 2011 (2012: 249 firms). Since the profit over sales variable is sensitive information and firms may be reluctant to provide information on it, I follow Kraft (2010, 2012) and perform an analysis if there are systematic differences between respondents and nonrespondents. The detection of systematic differences would indicate that the estimations presented in next subsection suffer from a selection bias. Therefore I generate two dummy variables: the first takes unit value if the firm did not respond to the question at all while the second indicates if a firm did not respond or checked the "don't know" category. .75 respectively, implying that there are no systematic differences between responding and non-responding firms. Obviously, this procedure controls for selection on observables. Given the various control variables which were applied, I conclude however that selection is not a concern in the final sample.
The profit over sales represents the excess return on sales and expresses the profits (saleslabour cost -capital cost -material cost) over sales. Kraft (2010, 2012) show that under certain assumptions the return on sales represents the Lerner index. 8 As the return on sales is net of capital costs, there is no need to include an additional explanatory variable controlling for the costs of capital.
Explanatory variables
The goal of this study is to explore the relationship between profitability and R&D investments taking into account the distribution of bargaining power in vertical relationships. Hence, R&D investments are measured by R&D intensity (RDINT) of the supply firm in 2010 which is defined as R&D expenditure over sales. It is unclear though if the effect of RDINT can be expected to be positive or negative (see subsection 2.1.2). The latter can occur if it is true that R&D performing firms face difficulties to find external capital lenders (see e. g. the survey of Hall and Lerner, 2010 and the references cited therein). As a result, risky and uncertain R&D projects are predominantly financed with internal financial means, implying a reduction of the supplier's profitability.
The bargaining power of the supplier is represented by the supplier's market position and the concentration of his buyer structure. The concentration of the buyer structure (BUYCON) is derived from a question regarding the share of sales generated by the largest three buyers in 2010, which could be filled in by respondents directly. Obviously, it would be preferable to have the share of each single buyer in the supplier's sales but the measure still allows testing of hypothesis 1 as a large value of BUYCON should indicate also large shares for single buyers. 9 In addition, the questionnaire included a check box which could be ticked if the share of sales with the largest three buyers is below 1 %. I chose to drop all observations with a sales 7 Missing values in the dependent and explanatory variables would have led to a final sample of 676 observations. I decided however to exclude another 204 firms which indicated to have a market share of less than 0.1 % or a share of sales generated by the largest three customers of less than 1 %. The reasons are explained when describing the variables buyer concentration and market share. 8 These assumptions are that firms are in the long-run equilibrium and produce with constant returns to scale. Then the returns on sales of a firm represent on average across the product portfolio the Lerner index since average costs equal marginal cost when returns to scale are constant. 9 Note that the observed share reflects the share of sales generated by three customers. If firms have less than three buyers, the share equals 100 %.
share of the largest three buyers below 1 % as I am interested in intermediate markets and I assume that these firms rather work on final product markets.
A supplier's profitability should be also affected by the concentration in the downstream market as a high concentration does not allow for easy switching of buyers. Since the dataset contains only limited information about the buyers, I cannot observe the product markets they are active in. This is clearly a limitation of this study. However, downstream concentration should be captured at least partly by industry dummies controlling for differences in suppliers' industry characteristics, if suppliers in a particular industry are affected equally by downstream concentration.
The market position of the supplier which was identified as determining the supplier's bargaining power is captured by several variables. Recall that the market position depends on the switching costs of buyers and reflects market structure and the substitutability of the supplied product. For instance, switching costs should be low if the intermediate good is homogenous and durable and numerous suppliers produce it. In contrast, they should be high if the good is very customer-specific. Hence, the number of a supplier's competitors (COMP) is included to control for switching opportunities of buyers. COMP is a dummy variable indicating whether the number of competitors is within the range of 1 to 5. 10 The reference category thus is to have no or more than 5 competitors. 11 In order to control for substitutability, I use the assessment of the supplier whether the firm's product is easy to substitute by competitors' products on a 4-point-Likert-scale. 12 I construct a dummy variable (SUBSTIT) taking unit value if the firm agrees or fully agrees to the above statement.
The main variable reflecting a supplier's market position is the supplier's market share in the main product market (MSHARE). Firms were asked directly for their market share with the most important product in 2010 and could check a box, if it was below 0.1 %. The share of responding firms in the initial sample with a market share below 0.1 % was about 30 % which seems remarkably high. Further inspection showed that some quite large firms were within this group. 13 This is surprising as larger firms should report larger market shares. As the questionnaire did not provide an option to answer "don't know" for the market share, it seems reasonable that a significant share of firms ticked the threshold box because they did not know how large their market share is. Hence, as a measure of precaution and since I do not have the opportunity to cross check the information with other data, I excluded all firms reporting market share below 0.1 %.
Apart from the fact that market share is a more objective measure, it is also more detailed compared to SUBSTIT and should in addition capture factors like buyer loyalty or the strength of a brand which have impact on the substitutability of a product. However, the choice of the 10 The corresponding question asks for the number of competitors on the main product market and provided the categories "None", "1 to 5", "6 to 10", "11 to 15", "16 to 50" and "more than 50" to answer. 11 I also experimented with the inclusion of a dummy variable indicating if the supplier is a monopolist. The estimated coefficient of the variable was however highly insignificant while all other results were unchanged. Hence, I refrain from using this variable. 12 The respondent could assess the statement with "do not agree", "somewhat disagree", "somewhat agree" and "fully agree". 13 About 10 % of these firms reported to have more than 100 employees.
market share as measure of a supplier's bargaining power deserves further discussion. The underlying assumption is that if a supplier's market share is large, then -from the perspective of a buyer -there are fewer alternative suppliers to turn to in case the negotiations with the supplier fail. Hence, the supplier has higher bargaining power compared to a supplier with low market shares. What is more, the market share can also be interpreted as a sign of higher efficiency. This interpretation goes back to the "Chicago School" (see e. g. Demsetz, 1973 or Peltzman, 1977 and builds on the assumption that there are productivity differences between firms within a market. Competition between these firms leads to a reallocation of market shares from inefficient to efficient firms. Hence productive firms grow, increase their market share and are more profitable while less productive firms shrink and eventually exit the market. That is, the efficiency argument would imply a stronger bargaining position for a supplier with a high market share since the outside option for a buyer would be to turn to a supplier operating on a higher cost curve.
Using the market share as a measure of a supplier's bargaining power comes with a caveat though. According to the simple Cournot model with homogenous goods, the market share determines the price-cost margin of a firm, i. e. the higher the market share, the higher a firm's profitability (see e. g. Belleflamme and Peitz, 2010) . This would imply a relationship between market share and firm profitability which is detached from bargaining. However, the model neglects at the same time both vertical interaction and the existence of transaction costs. As I have shown in the previous section transaction costs may play an important part in vertical relationships. Also an overwhelming part of the transactions on intermediate markets are sealed by bargaining. 14 Hence, the interpretation of the market share as a determinant of bargaining power seems to be reasonable.
Even though I consider BUYCON and MSHARE to be the main variables of interest in measuring suppliers' bargaining power, there are other factors affecting the contractors bargaining position and thereby influencing a supplier's profit. The elasticity in demand may be an important factor as a supplier could make up the loss of a buyer or concessions in prices with increasing the prices for remaining buyers. 15 The leeway for such price increases should be the larger, the less price elastic demand. To control for that, three dummy variables are included in the estimation equation, indicating to what extent the supplier agrees with the statement, that an increase in prices leads to an immediate loss of customers on a 4-point-Likertscale. If they strongly agree, I assume the price elasticity of demand to be high (ELAST_H), while it is assumed to be medium, if the supplier somewhat agrees (ELAST_M). The price elasticity of demand is assumed to be low if the supplier somewhat disagrees (ELAST_L). Consequently, the reference category consists of firms which strongly disagree with the above statement and therefore face a relatively inelastic demand. Finally, a high degree of product diversity offers more outside options to the supplier compared to a single-product-supplier. In the questionnaire firms where asked for the share of sales with their most important product. In order to control for a firm's product diversity, I include a variable (DIVERS) that is defined as 100 minus the share of sales with the most important product. DIVERS thus reflects the share of sales a firm generates with others than its most important product.
Further firm specific characteristics that may affect a supplier's profitability are also considered. Firms involved in international trade are likely to be more competitive as they are able to enter foreign markets. Moreover, after entering they serve presumably larger markets. Thus a variable indicating the export intensity (EXPORT) is included which is defined as the share of exports in sales. To capture size effects the firm size (SIZE) measured as the log of the number of employees in full time equivalents is included. Another dummy variable is included in order to control if the firm is part of a multinational enterprise group (FOREIGN). Further control variables are whether the firm is located in Eastern Germany (EAST) and 10 industry dummies (IND) with the furniture/sport/toys industry as reference.
Estimation strategy 16
Given the theoretical framework and the variables identified in the previous section, the empirical strategy is formulated according to equation (1).
Vector X includes all variables which were identified to affect the bargaining power of the supplier and thus profitability, i. e. the substitutability of the supplier's product (SUBSTIT), the price elasticity of the demand (ELAST_H, ELAST_M, ELAST_L), the number of competitors (COMP) and the supplier's degree of diversification (DIVERS). In addition, vector X contains further variables capturing firm characteristics, i. e. EXPORT, SIZE, FOREIGN, EAST and the industry dummies.
Since the dependent variable is categorical, an ordered Probit model is estimated to obtain the influence of R&D investments and the supplier's bargaining power on profitability. Hence, equation (1) defines our latent model of the unobserved dependent variable * . The observed profit over sales relationship is defined by:
The values of with = 1, … ,9 define the thresholds of the respective categories. Such models are commonly used for dependent categorical variables with unknown thresholds values. The fact that the questionnaire provides observable threshold parameters allows the identification of the variance which is usually unidentified. Consequently we can exactly quantify the marginal effects of the explanatory variables (Verbeek, 2004) . This is in contrast to an ordered Probit model with unknown threshold values or a binary Probit model in which the estimated parameters are always scaled with the unidentified variance.
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I also test for additive groupwise heteroscedasticity within the sample using a likelihood ratio (LR) test. Heteroscedasticity may lead to inconsistency of the estimated coefficients. Therefore I model a heteroscedasticity term allowing the variance to vary by location in East Germany and industry affiliation. The location of the firm is captured by EAST while 10 industry dummies (IND) control for a firm's industry affiliation. The LR tests reject the hypothesis of homoscedasticity. Therefore, I will only present the estimation results of the heteroscedastic models.
Endogeneity issues may be of concern for the explanatory variables R&D intensity, market share and size as they may be determined simultaneously with profitability. I could not identify suitable instruments for these variables which would allow elimination of endogeneity. However, I can rule out short-term endogeneity as I lag the explanatory variables by 2 periods. Longer time lags or instruments would be needed in order to take account of long-term endogeneity, which are unfortunately unavailable.
In addition, I analyse correlations among the explanatory variables which should not affect the estimated coefficients, but may inflate the estimated standard errors. Both pair-wise correlations and variance inflation factors are calculated but there is no indication for multicollinarity issues when applying conventional standards from the relevant literature (Chatterjee and Hadi, 2006) . 
Results
Descriptive Statistics
Descriptive statistics of the full sample differentiated by a firm's R&D status are shown in Table 2 . The share of R&D performers in the full sample is 59 %. It is apparent that in many aspects the group of R&D performers is similar to the non-R&D performers.
The mean profit of all groups of suppliers is between the categories 5 and 6 which imply return to sales between 2% to lower than 7%. The means for both groups are slightly higher in 2011 than in 2012. Between the groups there is however no large gap, even though the difference between R&D performers and non-performers is significant for 2011. The R&D performers have an average R&D intensity of 3.8 %. Taken together with the non-R&D performers the average R&D intensity drops to 2.3 % which is close to the 2.7 % reported in Czarnitzki and Kraft (2010) who use a similar dataset. Non-R&D performers do not exhibit significantly lower market shares with the average market share being about 26 %. Also both groups do not differ in respect to the share of sales with the three largest customers. Across both groups the share of sales generated with the largest three buyers is between 37 and 38 %. The group of R&D performers exhibits a significantly lower share of firms indicating easy substitutability while there are no differences to non-R&D performers in the measures of the demand elasticity. This implies that even though the products of R&D performers are less easy to substitute, the demand elasticity limits the scope for quasi-monopoly pricing as otherwise buyers will go elsewhere. There is also no indication for R&D performers to be more frequently active in an oligopolistic market. Instead they are significantly more diversified, generate a much higher share of sales by exports and are also considerably larger compared to non-R&D performers. Both groups do not show any differences with respect to foreign ownership and location in Eastern Germany. The high overall share of firms located in East Germany (28%) is due to oversampling of these firms in the MIP.
Regarding the industries there are no surprises in the differences between R&D and non-R&D performing firms. The share of non-R&D performers is significantly higher in the Food/Tobacco, Textiles and Wood/Paper/Print industries while R&D performers constitute a significantly higher share in Chemicals, Machinery, and Electronics.
Regression results
I estimate equation (1) and present the results of the heteroscedasticity consistent ordered Probit model in Table 3 . Columns I and II report estimation results for the profit in 2011 and the profit in 2012, without taking account of the interaction effects between R&D intensity and the variables indicating a supplier's bargaining power (BUYCON and MSHARE) . The estimation results including interaction effects are presented in columns III and IV for the profit in 2011 and the profit in 2012 respectively.
Let us first have a look at the results without interaction terms in order to check how the buyer variables affect suppliers' profit (see Table 3 , column I and II). The most important result is that a supplier's bargaining power does indeed affect his profitability significantly. As expected, the market share, as a measure of the strength of a supplier's market position and thus stronger bargaining power, exerts a positive effect on profitability. The share of sales with the largest three buyers, as a measure of buyer concentration and thus lower supplier bargaining power, does exert a negative effect on a supplier's profitability. The effects remain constant regardless the dependent variable. This supports the hypotheses 1 and 2, which state that higher buyer concentration should affect profits negatively, while a higher market share should have a positive effect on suppliers' profits.
Let us now turn to the results of the model including interaction terms between the variables reflecting the bargaining power of a supplier and R&D intensity (see Table 3 , column III and IV). The results clearly show a positive relationship between bargaining power of the supplier and R&D investments. First, a higher market share, as a measure of the strength of a supplier's market position and thus its bargaining power, is related to larger R&D investments. Second, higher buyer concentration which indicates lower bargaining power of a supplier is connected with lower R&D investments. The highly significant interaction terms take explanatory power from the direct measures of RDINT, MSHARE and BUYCON. This demonstrates that profitability of R&D investments strongly depends on a supplier's bargaining position. A Wald-Test on the joint significance of RDINT, MSHARE, and BUYCON and their interactions rejects the hypothesis of all coefficients being jointly zero at the 5 % confidence level for the profit in 2011 and at the 1 % significance level for the profit in 2012. These findings support hypotheses 3 and 4. To get an idea about the magnitude of the effect of RDINT, MSHARE, and BUYCON, let us consider an average supplier among the group of R&D performers with group averages of market share (value equals 26 %) and buyer concentration (37 %). As a benchmark, uncondi-tional profits over sales in the manufacturing sector are estimated, which were 5.5% in 2011 and 4.7% in 2012. 19 On average, an increase in R&D investments 2010 by one percentage point would reduce the average supplier's profit by 0.11 percentage points in in 2012.
In contrast, let us now consider the profitability of the same supplier if the largest three buyers account for 100 % of the sales. Then an increase in R&D investments in 2010 would reduce profitability in 2012 by 0.67 percentage points. Given the average profit of 4.7% in 2012 a reduction by 0.67 percentage points would decrease the profit over sales by about 14 %. This result highlights the substantial negative effects that may result from buyer concentration on supplier profitability. It indeed seems that suppliers facing low bargaining power in vertical relationships cannot fully appropriate the returns of their R&D investments.
For comparison let us consider the effect if the supplier is a monopolist, i. e. his market share is 100 %. Then an increase in R&D investments in 2010 would increase profitability in 2012 by 0.49 percentage points. This corresponds to an increase in profit over sales by 10 %.
With respect to the other explanatory variables influencing a supplier's profitability, I find across all specifications negative results for the substitutability of the produced good, the strength of the demand elasticity and oligopolistic competition which is in line with microeconomic theory. Given the results of the columns III and IV, if a supplier's product is easy to substitute, the return on sales is on average 1.4 percentage points lower when compared to suppliers who state that their products are not easy to substitute, all else equal. Similarly, an increase in demand elasticity from relatively inelastic to highly elastic implies ceteris paribus a reduction in profitability about 3.1 percentage points in 2011 and 3.5 in 2012. The profit in 2012 of suppliers which face oligopolistic competition in 2010 is on average 1.2 percentage points higher compared to suppliers who face more or less competitors.
For the variables indicating the degree of diversification, the export intensity, the firm size and affiliation to a foreign enterprise group the results are not significant across all model specifications but the coefficients point into the same direction. All else equal suppliers with a more diverse product portfolio exhibit lower profits while exporters have larger profits. Firm size does negatively affect profitability as does the affiliation to a foreign enterprise group. The estimated coefficients of EAST are insignificant throughout all estimations.
Robustness Tests
It has been argued before that larger firms are likely to be more efficient, to have higher market shares and thus to be more profitable (see also subsection 4.2). In addition, as R&D intensity is defined as R&D expenditure over sales, smaller firms tend to have higher values of RDINT since their sales numbers are smaller compared to larger firms. This would result in higher values of RDINT for a given amount of R&D expenditure. Small sales numbers also promote high sales shares with the largest three customers. Therefore, one could presume that the negative effect of RDINT and BUYCON on profitability and also the negative interaction term between RDINT and BUYCON are mainly driven by small firms. In order to test for this, all firms having fewer employees than the firm on the 25 % quantil (value equals 23 employ-ees) are excluded from the sample. As this reduces the small sample further to 357 firms, the explanatory variables COMP, EXPORT and SIZE are dropped since a Wald-test on joint significance could not reject the Null hypothesis of these coefficients being jointly zero. Moreover, the presentation of the results is restricted to the estimations using the profit in 2012 as dependent variable in Table 4 for reasons of simplicity.
The results show that in the model specification without interaction terms the coefficients of RDINT and BUYCON turn insignificant. In contrast, all variables indicating substitutability and demand elasticity are highly significant and in about the same magnitude as in the estimations with the full sample. Inclusion of the interaction terms shows however that the interaction term of BUYCON and RDINT loses statistical significance as well, while the interaction term of MSHARE and RDINT more than triples in magnitude from 0.007 in Table 3 (column IV) to 0.023 in Table 4 (column II).
Therefore it seems that small firms indeed have a strong impact on the empirical analysis of bargaining power and the profitability of R&D. However, excluding them from the sample still shows the effect of bargaining power on R&D profitability. The Wald-Test on joint significance of RDINT and both interaction terms is rejected to the 0.1 % confidence level. For the average R&D performing supplier this implies that with a buyer concentration of 36 % and a market share of 26 %, a one percentage point increase in R&D investments in 2010 would now increase profitability by 0.68 percentage points whereas the estimate with the full sample predicted a reduction of 0.36.
The average of the unconditional profit distribution in this sample of firms equals 4.5 %. The increased coefficient of the interaction between RDINT and MSHARE implies, that a percentage point increase in R&D intensity in 2010 would increase profitability for the average R&D performing supplier in 2012 by 0.18 percentage points. The corresponding effect for a monopolist with average buyer sales share is 1.9 while the fully dependent supplier with an average market share experiences a drop in profits by 0.3 percentage points. This corresponds to an increase in profits of 43 % and a decrease of 7 % respectively.
Strongly related to the size of a firm is the likelihood of being a R&D performer. Hence one could argue in a similar vein, that non-R&D performing firms drive the results from the full sample since they are less competitive and therefore hold lower market shares. Hence, the positive effect of MSHARE on profitability could be caused by non-R&D performers which in addition may also affect the positive slope of the interaction term between MSHARE and RDINT since they have a R&D intensity of zero.
To check this, all non-R&D performing firms are dropped. As the number of observations drops to 280, the number of explanatory variables is reduced. COMP, FOREIGN and SIZE are excluded after the Wald-Test rejected that all three coefficients together are jointly significant. The results are presented in Table 4 columns III and IV. In the specification without interactions the same pattern emerges as if all small firms were dropped. That is, RDINT and BUYCON turn insignificant. If the interaction terms are included, the interaction between RDINT and MSHARE loses a level of significance while the other cross term is strongly significant but does not substantially increase in magnitude. Notice instead, that the exclusion of the non-R&D performing firms drove the confidence levels of the demand elasticity coefficients either insignificant or close to insignificance. Hence, it seems that within the group of R&D performers demand elasticity is not as important in determining profitability as in a sample including non-R&D performers as well. In this sample the average estimated unconditional profit over sales in 2012 is 5 %. A percentage point increase in R&D investments 2010 would decrease profitability of the average R&D performing supplier with a buyer concentration of 36 % and a market share of 26 % by 0.05 percentage points on average. This corresponds to a 1 % decrease in profits. This is considerably lower than in the full sample. The effect for a monopolistic supplier is again positive. A percentage point increase in R&D intensity 2010 would increase profitability by 0.4 percentage points and corresponds to an increase in profits by 8 %. Contrastingly, a fully dependent supplier, i. e. with a share of sales by the largest three buyers of 100 %, would experience a drop in profitability 2012 by 0.61 percentage points due to a percentage point increase in R&D intensity 2010. This implies a profit loss of about 12 %.
Concluding remarks and further research
This paper explores the effect of bargaining in vertical relationships on the profitability of suppliers' R&D investments. Studies on the relationship between R&D, innovation and firm profitability mostly concentrate on the impact of horizontal market structure which follows traditional industrial organization literature that emphasizes the importance of market concentration and entry barriers for firm profitability. While providing inconclusive results, none of the existing studies takes vertical interactions of R&D performers into account.
Building on theoretical and empirical evidence about the effects of bargaining power in vertical relationships on a supplier's profitability, the crucial determinants of a supplier's bargaining power are identified as the market position and the degree of concentration in the buyer portfolio. With respect to R&D profitability the latter is expected to diminish returns from R&D, while the former is expected to increase it.
The hypotheses are tested using a sample of 472 German firms from manufacturing sectors. The empirical findings support all hypotheses and therefore highlight the importance of taking bargaining power occurring in vertical relationships into account when measuring R&D profitability. The estimated effects are considerable: for an average R&D performing supplier an increase of R&D intensity in 2010 by a percentage point would reduce profits by about 14 % in 2012 given the supplier depends completely on the largest three buyers and does hold an average market share. Contrastingly, a monopolist R&D performing supplier with average buyer concentration would experience a profit increase by 10 % in 2012. What is more, the findings support the hypothesis of a lagged impact of R&D investments on a supplier's R&D profitability (Ravenscraft and Scherer, 1982) .
The findings are an important contribution to the existing literature for several reasons. First, because this is the first study that analyses the effects of supplier's bargaining power on the profitability of R&D. Second, the sheer magnitude of the effects indicates that further research with respect to the R&D incentives for suppliers facing bargaining power is needed.
Moreover the results provide several implications for practitioners. Managers of R&D performing supply firms in the manufacturing sector may benefit from a more diversified buyer structure as this increases bargaining power and allows for a higher profitability of R&D activities. In addition, the results show that it is more profitable to serve smaller markets if this leads to an increased market share. Again, this translates into a stronger bargaining position and spurs R&D profitability. The results also have relevance for competition authorities. Merger decisions should take into account how upstream R&D profitability is affected by downstream mergers to avoid adverse effects on suppliers' innovation incentives.
There are opportunities for improvement -both theoretically and empirically -which are left to future research. From a theoretical point of view, it would be useful to have a model explaining how R&D incentives are shaped by bargaining. Therefore, R&D should be integrated in the existing bargaining framework as it was pioneered by the model of Inderst and Wey (2007) . Having said this, bargaining models concerned with buyer power are often limited to monopoly in the supply market and separate downstream markets. It would be useful for empirical purpose -and especially for the question how bargaining power affects R&D profitability -if upstream competition is introduced. Empirically, it would be worthwhile to gather information for each of the suppliers' buyers instead using aggregated shares. In contrast to this study, it would allow the generation of buyer-specific outside option values. In addition, it would help to have information on all products which are supplied to the buyer and the respective market share of the supplier in all according markets. With that information it would be possible to render a suppliers' outside options even more precisely. Moreover, it would be interesting to collect information about factors which are likely to determine the buyers' outside options, e. g. the share of inputs sourced from a particular supplier, product markets the buyers are active in, the concentration level in the respective market and so on. Thus, more information on the nature of the buyers would be invaluable and would allow for the analysis of countervailing power for instance (Galbraith, 1956 ). All variables are dummy variables. Columns with heading SD display standard deviations. The last two columns display t-statistics whether a T-test on mean difference between the respective group of R&D and non-R&D performers rejects the Null hypothesis of no difference. The asterisks indicate the corresponding level of significance (* 10 %, ** 5 %, *** 1 %). 
